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PLUTONIUMSCRAP PROCESSING AT THE LOS ALAMOS

SCIENTIFIC LABORATORY

Archie E. Nixon, B. J. McKerley, and E. L. Christensen, University of
California, Los Alamos Scientific Laboratory, Los Alamos, NM 87545

ABSTRACT

The LOS Alamos Scientific Laboratory currently has the nevest pluto-
nium handling facility in the nation. Los Alamos has been active in the
processing or plutonium almost since the discovery of this man-made el~!-
mexzt in 1941. One of the ftinctions of the new facility is the processing
of plutonium scrap generated at LASL and other sites. The feed for the
scrap processing program is extremely varied, and a wide variety of con-
taminants are often encountered. Depending upon the scrap matrix and con-
taminants present, the majority of material receives a nitric acid/hydro-
fluoric acid or nitric acid/calcium fluoride leach. The plutoninii nitrate
solutions are then loaded onto an anion exchange column char$ecl with DO-VEX
lx4,50- 100 mesh, nitr~te form resin. The column is eluted with 0.48 ~
hydroxyl amine nitrate. The PU(N03)3 is then precipitated a~ plutonium ITI
oxalate which is calcined at 450 - 500°C to yield a purified PU02 product.,

INTRODUCTION

The Los Alamos Scientific Laboratory has one of the newest plutonium

handling facilities in the naticn (Figure 1, CN79-6775). The facility

began operation in 1978 and consists of four areas:

100 Area Advanced Fuels Research and Development

200 Area Pu-238 Extraterrestrial Heat Source Program

and Special Isotope Program

300 Area

400 Area
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FIGIIRE 1 TA-55 Plu[[u~ium IInndl lng Fncllit:y
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The Chemical Operations Section is composed of the foliowing programs:

Fast Flux Test Facility Plutonium Oxide Production

Americium Oxide Production

Plutonium Metal Production

Plutonium Scrap Recovery Programs

The plutonium scrap recovery program is responsible for the processing

of Pu contaminated scrap from production programs and research and develop-

❑ent work at Los Alamos and other sites ncross the nation,

The Chemical Operations portion of the plutonium handling facility con-

tains one of the ❑ost versatile Pu scrap processing programs due to the

unique equipment design and process philosophy. This allows for the head-

efi2 portio]l of the process to receive a wise range of scrap ❑atrices and

contaminants. Figure 2 (CN75-575) illustrates the typical glovebox

design used in the sfrap procesfijng operations.

CHEMICALPROCESSING

Figure 3 shows the overall flow of matcriai in the scrap processing

program. The general gonl is to p:ocess the scrap material to a point where

the plutonium is in solution as plutonium nitrutc, and the remaining scrap

residue contains residual pl~:tnni,um contaminntj(.n low enough to meet the

Depar~ment of Energy (DOE) approved discard limits.

Prior to actual processin~, the col’tamillated material is measured using

nondestructive assay (NDA) techniques to deterrninu the amount of pl~tonium

prcscnto Material that con~oin~ plutonium below a certnin approvud discord

val(lc is packed for shipment to 20-year retrievable rltoragc. The mnterial

havinK plutonium contamination that i~ ccor,omlcnlly recoverable is ther) in-

troduced inlo the proce~s at.reant AL a point compntlblr with the scrap rnatr~x

and contaminants pren:”nt,
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At Los Alamos, contaminated residues are initially divided into two

❑ain classes:

1.. combustible items which are suitable feed for the incinerator

2. non-combustible items that will require chemical processing.

Incineration of combllstible residues serves to recluce the volume of

❑aterials to be handled and produces ashes that can be urocessed as au im-

pure Pu02. Items such as rubber gloves and plastic which are usually clas-

sed as combustible are not considered to Ue suitable feed at LASL for the

incinerator due to the rapid buildup of tars and residnes in the scrubber

and off-gas line,s when items of this type are burned. The corrosion 0{

the lncilmrator is increased notably when polyvinyl chloride plastics are

burned thus releasing chlorine which forms hydrochloric acid when contac-

ted with water. Figure 4 shows the flow diagram for tfi!! operation of the

incinerator.

The ashes are collected after each run and ground by rod milling so

that the resulting particles will pass through a 20 mesh screen. The ashes

are then c~med in 600 g lots to await chemical processing.

The hecond main class of residues, non-combua~ible scrap, can be divi-

ded into two groups:

1. items that :an be decontaminated by an acid leach af the surface

2. it~ms thtit xquire an ~cid dissolution of plutonium salts such as PuOF.

Surface contaminated items such 9S plastic, pla~tic bags, and rubber

glovebox glcves can often be decontaminated by wiping the itrm with a cloLh

wetted with dilute HN03. Thiti procedure is most effective on items recently

removed from service. ‘lhe longer the plutonium is in contact with the rub-

ber or plastic, the more imbeddcd the cent.aminatlon becomes and the more

rigorous the process is that mu~t be employed to remove the Pu. Item~ with



Rags, Paper, and Similar Combustibles

Air or Oa 1 cfm >

Nonaally Dried Before Loading

PACKED
loosely into 12 ?. charge basket

‘7
+

[

.—

IGNITED
I

I

I
L

BURNED
usually requires 45 min. cur-
rent to electrical resistance
heaters to maintain off gas
temperature of 300°C-burned
chamber kept at 1“ Hg va~uum

~-
4

UNLOADED
ashes prepared for Pu a ,alysls
by grinding in ● ball mill

‘~
4

To acid leach

_Off-Gas ,
Dilute liaOH
Scrub Sotution

I
Discard

FIGUl?iI 4 op~ratiou of Process Residue Incinerator



imbedded contamination are cut into strips and heated in refluxing 10 ~ HN03

- 0.1 ~Hl for 2 - 4hours. The residues are then filtered, washed with di-

lute HN03, dried, and assayed using an in-line thermal neutron cm.mter ‘co

determine the remaining plutonium level. A Pu content greater than tb.e dis-

card limit requires a second leach or incineration. If the Pu content is

below the discard limit, then the item can be sent to retrievable storage.

Surf:ce contaminated items such as tantalum ❑olds and crucibles, sin-

tered glass frits, AlzOa crucibles, and stainless steel filters atie routinely

decontaminated by leaching with a solution of 10 ~ HNOQ- 0.05 ~ HF for 2 - 4

hours under reflux conditions.

Contaminated heating mantles and absolute filters are disassembled, the

contaminated portions placed in a 5 liter dissolving pot (Figure 5), and

leached with a solution of two liters of 10 ~ HN03 and 47 grams of CaF2 for

3- 4 hours under reflux conditions. The solution is then cooled, filtered,

and the filter residue washed with dilute acid and dried. The dried resi-

due is then discarded or recycled depending ~pon the plutonium content.

Ashes from the incineration of rags, paper, wood, and other combusti-

bles have plutonium levels ranging from 0.2 to 57% by weight. The ashes

are leached according to the flow diagram in Figure 6 in the ~tandard 5

liter dissolving pot fitted with a water jacketed reflux condenser or in

a 6 inch diameter by 3 fo6t long glass tank fitted with steam coils. The

ashes may be dissolved by repeated refluxing in HN03 - HF. Studies have

shown that the dissolut.~on rate is directly proportj,onal to the fluoride

ion concentration up to 0.4 ~, indicating that higher fluoride concentra-

tions will reduce dissolution rate. Consequently, ash leaching at Los

Alamos involves the refluxing of the ashes in 10 ~ HN03 - 0.3 U CaF2 for

the first pass, 10 ~ KN03 - 0.25 M CaF2 on the second pass, and 10 ~ ICNOJ
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on tne third and subsequent passes. The volume of acid :S determined by

the vessel size and the need to have three volumes of acid per volume of

ash. The solution is refluxed for two hours, filtered, and s--red in 6

inch criticality-safe geometry tariks prior to transfer of th: solutions

to the ion exchange process. The residues are washed with dilute YNOJ

and dried prior to NDA determination of the plutonium content in order

to determine if the residues are to be discarded or recycled.

A detailed description of the chemical processing of the multitude of

scrap residues generated in research and development programs is beyond

the purview of this paper, but the interested r,?ader is directed to an

excellent review, LA-3542, published by Christensen and Plararnan.

Since 1959, the Chemical Operations Section at Los Alamos has employed

nitrate anion exchange as the primary method of scavenging, purifying, and

concentrating plutonium. Tb.e general procedure for any residue is to geu

the plutonium into solution, as outlined above, sorb the plutonium oc nit-

rate anion exchange resin, wash with sufficient 7 ~ HN03 co remove impuri-

ties , cl]~te the pluto~ UM) precipitate the trival-~t plutonium oxalate,

and calcine the plutonium oxalate to the purified PuOZ.

The basic steps of the ritrate anion exchange procedure are to stabi-

lize the plutonium in the tetravalent state, adjust the feed solutian to

the desired HN03 concentration, sorb the plutonium on DOWEX1 - X 4, 50 to

100 mesh, nitrate form resin, wash with the proper volume of 7 ~ H1403, and

elute the purified plutonium with G.3 - 0.48 ~ NHZOH”HN03. The details of

this procedure are shown in the flow diagram in Figure 7.

Plutonium in aqueous solutions can co-exist in four valence states,

either in a single state or in n~arly any combination of all four valences.

This behavior is unique to plutonium and is due mainly to two factors:
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1. the tendency of Pu(IV) and Pu(V) ions to disproportionate according

to the following overall reactions:

3 PU+4 + 2 H20 —> 2 PU+3 + PU02‘2+4H+

3 PU02+ + 4 H+ —> pu+a + 2 puoz+2 + 2 H20,

2. the slow rate of reactions involving the formation or rupture of plu-

tonium-oxygen bonds as compared tc the ❑uch faster reactions involving

only eiectron transfer.

Plutonium ici also one of the very few elements which forms anion nitrate

complexes which allows for the absorption of plutonium (IV) nitrate

PU02 + 4 HN03 HP > PL(No3)g ‘2 + 2 H20-,—

out of nitrate solutions by anion exchange resins and offers a method for

achievj.ng a high degree of purification of plutonium. The preferred method

is to stabilize the plutonium in the tetravalent state, the valence required

for efficient sorption on the zesin. The formation of the nitrate complex

is dependent on the acid concentration of the feed Bolution&, For solutions

less than 3 ~ HN03, the following treatment is ustd (also see Figure 8):

9 liters of 2.2 ~ A1(N03)3 is added per 40 liters of feed to complex any

fluoride present. This is followed by 300 ml of solution containing 300 g

urea and 100 g Fe(NH4)2(S04)2. Two liters of 1.9 ~ N1120tI*HN03are then

ridded, and the solution is allowed to digest for 4 - 8 hours. The Al(N03)a

rnnilltoins the required NO; concentration as well as complcxing any flouridc

iol,s . The urea is nddcd to remove nny nitrite thot would consume a portion

of the rvducing agent before it could rcacL with the plutonium, The strong

reducing agent ferrous ammonium sulfate is added to quantitatively reduce

the plutonium in ca~c comp]exing ngcnts such as nxalate or ~ulfate arc pre-

Bentm The NH2011.11NO01s aluu added to adjust the valence to the t.rivalcnt

atatcm After the ~olutjon has digeoted for at leaat 4 hours, the plutonfum
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has been car~vrted to the trivalent state. Upon addition of NaN02, the Pu

is oxidized to the tetravalent state via the following reaction:

6 PU+3 + 2 NG2- + 8H+ —> 6 pU+4 + 4 H20 +N2.

For solutims greater than 3 ~ HN03, a less rigorous treatment is em-

ployed consistir,g of 300 g NaNOz and 500 md?of 2.2 !’!Al(N03)3.

After the 7 ~ HN03 feed sol.utiun has been pumped through the 6 inch

column and the plutonium has been sorbed on the resin, the imesin bed is

washed with 7 M HN03 to remove impurities.

The distribution coefficients of szveral elements have 5een measured

from 7 ~ HN03 at 25°C on IXWEX 1 - X4, Based on these data, the probable

impurities can be divided into three groups (Figure 9) according to the

degree of sorption on the resin:

1, elements that are apparently not sorbed, distribution coefficient = 0,

2. elements that are weakly sorbed, distribution coefficient = O - 4,

3. elements that are strongly sorbed, distribution coefficient > 4,

Routinely, one or two column volumes (where volume refera to void vol-

ume) of wash are sufficient to remove from the column impurities that arc

not sorbed by the resin. Rcmov~l of the wenkly sorbed impurities id more

complex duc to a “kir,ctic trrpping” mechanism in which ti’~ sorbed plutoniun~

impcdcm the wnsh~ng of the impurities from

this

from

n Ru

nhou

the resin bed, In many instancc~,

effect ncc@sNitnteN a much greater voumc of wu~h thnn would bc cxpuct,e(l

a simple, no intcractior] modrl usin~ (IIC d~str~hutlo*l rocff~cjrnts a~

l.lr’. For cxnmplc, zircon~um, with a clirntr~hution coefficient of 0,38,

d be ctitIily removed by 3 or 4 column volume# of wnsh (15 - 20 l~t.eru of
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Uranium, with a distribution coefficient of 3.9, in ratios up to 6 to 1

with plutonium, routinely requires 40 column volumes (200 liters) of wash to

lower the uranium coneent to < 100 ppm in the purified PU02.

The elements having a distribution coefficient greater than 5 cannot be

effectively processed by anion exchange without. ●ither pcisoning the resin

bed or following the plutonium through the purification process.

Following the washing of impurities from the resin bed, the plutonium

must be converted to the trivalent stat? to facilitate the stripping of the

column. The plutonium is reduced from the tetravalent to the trivalent form

by the addition of hydroxylamine nitrate (NHZOH*IIN03), The elution ptocess

consists of first reverse flushing the column with 10 liters of 1 ~ HN03,

thus insuring that there will not be a violent reaction between the hydroxyl-

aminc nitrate and concentrated (> 3 u) nitric acid. The plutonium is eluted

from the column .~ith 10 liters of 0.3 - 0.48 U NHaOH*HN03and then 15 liters

Of 0..; - 0,48 ~ NH20H”HN03 - 0,5 PJHN03, No more than 10 literri of NHzOHoHN03

are passed through the column without the addition of 0.5 fl HNOZ to insure

[hat the acidity in the column is maintained at > 0,5 ~ to prevent the irre-

versible fo:matlon of inaolublc polymeric plutonium.

The deep blue eluate is now ready for the oxalate precipitation step,

This step accomplished two basic gonls:

1, the plut.oniur.i is converted from the nitrate form into a solid form that

IB cn~ily converted to PuOti

2, a pnrtial dccollt:lmillation i~ provided from impurities such an Fr, Al,

and U,

The l’rrd uolution for lhfa at~p i~ approximately 0.5 - 1 ~ 103 ●nd 0,4 M

Nll#OH*tlNo31 Colimrquentlyl ●ll of thr Pu i~ in the trivalent state, ●nd the

prcripitntion of trivalent plutofiiurn oxalatr can h ●ffected with no ●ddi-



tional treatment. The precipitation is performed on 5 liter aliquots con-

taining 100 - 140 g Pu by the addition of 275 g of oxalic acid crystals.

The precipitation of trivalent plutonium oxalate according to the reaction:

2 PU(N03)3 + 3 H2C204 ‘> Puz(czoq)a + 6 M03

is preferred over the tetravalent precipitation for several reasons:

1, less ccntrol of precipitation conditions is required

2. the resulting precipitate settles and filters more rapidly

3. deconttimination from impurities’is good

4. filtrate losses are low.

The blue-green PU2(C204)3*10 H20 is collected by filtration, washed with

several 0.5 ~ HN03 portions, and dried by applying suction to the filter cake.

Figure 10 shows the general flow diagram for the oxalate precipitation. The

oxalate filter cake is then transferred to, a stainless steel furnace beaker

and heated in a furnace for six hours at 450 - 500°C w~th occasional stirring.

This converts the plutonium oxalate to thu yellowish-green PU02 according

to the reaction:

Pu~(c~04)3 ● 10 H20 ~> 2 PU02 +Xcoz+ydd.

The PU02 is transferred to a stainless steel container and a plutonium

value is determined. The PU02 is then double canned for storage as the final

product form. Fi~ure 11 shows the results from an analysis of the purifird

PuC2 after anion exchange, oxalate precipitation, and calcination to the oxide

form. Plut.unjurn dioxide in the most important compound of plutonium due to

its high mclt~ng point, approximately ?4000C, ~ts chemical stability, and

radiation atahilit.y.

Solutions are treated in 6 inch diameter gla~s tnnks and stored in 6

inch diameter stainles!i ntcel tnnkrn quippm! with #cc-through gluss pads On
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FIGURE 11 Analytical Data for PUU2 Purified

by Nitrate Anion Exchange and Oxalate Precipitation



either end of the hori..antal tanks and on the sides of the vertical tanks

(Figure 12, CN78-8866). These tanks are geometrically favorable to > 500 g

plutonium per Iit.er. The movement of ~lutoni,m is documented by the use of

computer termi~als located in each pruce~s area. The item identification,

location, volme or bulb weight, plutcni.um ccntent, and the type of material

is recorded for each batch of plutonium in the facility.
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